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ADVERTISEMENT 
The publications of the Museum of Zoology, University of Michi- 
gan, consist of two series-the Occasional Papers and the Miscel- 
laneous Publications. Both series were founded by Dr. Bryant 
Walker, Mr. Bradshaw H. Swales, and Dr. W. W. Newcomb. 
The Occasional Papers, publication of ~vhicli was begun in 1913, 
serve as a medium for original studies based principally upon the 
collections in the Museum. The papers are issued separately to 
libraries and specialists, and, when a sufficient number of pages have 
been printed to make a volume, a title-page, table of contents, and 
index are supplied to libraries and individuals on the mailing list 
for the entire series. 
The Miscellaneous Publications, which include papers on field and 
museum techniques, monographic studies, and other contributions 
not within the scope of the Occasional Papers, are published sepa- 
rately, and, as it is not intended that they will be grouped into vol- 
umes, each number has a title-page, and, when necessary, a table of 
contents. 
FREDERICK M. GAIGE 
Director of the Museum of Zoology 
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TERRITORIAL BEHAVIOR AND POPULATIONS OF SOME 
SMALL MAMMALS IN SOUTHERN MICHIGAN * 
INTRODUCTION 
T m  present study, initiated in the spring of 1935, is the result of an at- 
tempt to secure information about the breeding seasons and populations of 
certain small mammals in southern Michigan. It seemed desirable, for a 
study of this nature, to concentrate on one species. The wood mouse (Pero-  
m y s c u s  lezccopus noveboracensis)  was selected because i t  commonly occurs 
throughout wooded areas and readily comes to traps. 
The study was carried out almost entirely within the boundaries of the 
Edwin S. George Reserve of the University of Michigan, located near Pinclc- 
ney, Livingston County, Michigan. This 1200-acre area is game-fenced. 
Formerly, parts of i t  were farmed, b ~ ~ t  now i t  is reverting to a wild state. 
It contains a number of wood lots varying in area from less than an acre to 
more than fifty acres (Map 2). 
Two wood lots isolated from each other were selected as study plots. 
One of these, designated as Plot 1, is bordered on the north, west, and south 
by grassland, and on the east by an extensive swamp. I t  contains 3.72 
acres. The other wood lot, Plot 2, is surrounded on all sides by grassland 
and is located, for the most part, on a steep north-facing slope (Map I). 
I t  contains 1.8 acres. Plots 1 and 2 (Map 2) are connected by an old fence 
row with a few trees. A fence row leads eastward from Plot 2 and connects 
with another wood lot. 
I n  1935 these areas were trapped intermittently May 5-October 20, when 
severe weather prevented further work. On June 10, 1936, the work was 
resumed, and traps were set a t  least once or twice a month until September 
10, 1937. I n  addition to these two study plots, thirteen other wood lots 
were trapped for periods ranging from a week to three months. Roland 
Abegg assisted me on the George Reserve June 25-September 18, 1936. I n  
the early spring of 1936 he had trapped around Ann Arbor t o  determine 
the beginning of the breeding season of the wood mouse. For three weeks 
in July, 1937, W. Frank Blair trapped some of the wood lots suri-ounding 
the principal study plots. 
The method of study was developed primarily for the wood mouse. 
Other species often were caught in the same traps, however, and i t  soon 
became evident that much data on these other species might be obtained with 
little extra effort. I n  this study the wood mouse is treated in considerable 
detail, the other species less extensively. 
There were 1722 animals marlred and released on the George Reserve. 
* A contribution from tho Edwin S. George Reserve. 
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These represent ten different species, ac, follows: Blarinn brevicaz~da tal- 
poidcs, 61 ; Citellus tr~deccnalincatzss trztdeccy?tlineatzcs, 7 ; Tanzias striatus 
lys-leri, 109; G l a a ~ c o ~ ~ ~ y s  vola?zs volan.s, 46; Peromyscz~s nzanieulatus bairdii, 
10 ; Peronzysez~s lea~copzss noveboraccnsis, 1382 ; Synapto?lzys cooperi cooperi, 
47; Microtzrs pennsyluanicz~s penns?jlvnniczrs, 30; Pit?jmys pinetorum sca- 
lopsoides, 28; Zapus  kudsonius h~~dsonizss,  2. Six of these species are 
treated in the present discussion; too few data were gathered to provide the 
basis for an adequate treatment of Citellus, Perolnyscz~s nza~ticulatus, Micro- 
t z~s ,  and Zapzcs. 
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MATERIALS AND METI-IODS 
During the 1935 seasoil a inetal trap with interilal dimensions of six by 
two by two and one-fourth inches was used. The trap, designed by L. C. 
Fisher at  the Uiliversity of Michigan, holds mamnials up to the size of chip- 
munlrs and has a door whicli closes from the outside. Although efficient in 
catching small mammals, this trap was not entirely satisfactory because 
many of the animals caught in i t  died. Death resulted from overheating in 
the summer months, from cold during the winter, and from exhaustion, 
when animals squeezed uncler the slightly elevated treadle. 
I n  the new trap, made of half-inch boards except for the front (PI. I, 
Fig. I), the mortality was appreciably reduced. The trap is similar to that 
figured by Stoddard (1931: PI. 58, Fig. 1). Its  inside dimensions are six 
by two by two inches. A door of wood forms the baclr; a small metal well, 
with a free-swinging trap door hinged at  the top, is placed in a lower corner 
in front. The opening is one inell square, and the trap door slopes back- 
ward into the box at  an angle of 45 degrees. The remainder of the front is 
covered with screen. The mouse pushes his way in by lifting the free- 
swinging door. When he is inside, the door falls baclr into place and closes 
the entrance. The door fits so that when the animal tries to escape i t  sees 
no open spaces there and attempts to go through the screen front. The 
one-inch opening mas designed as a selective mechanism t o  prevent the 
entrance of chipmunlrs; however, they, too, readily entered it. The type 
of trap constructed for ground squirrels, chipm~~nlrs, and flying squirrels 
is larger and has a door swung across the entire front, about one-half 
inch below the top. These traps are, in cross section, of the same inside 
dimensions as the one just described, but are twelve inches long. A nar- 
row strip of screen covers the space above the door. The screen front 
allows sufficient ventilation to reduce the possibility of death from over- 
heating. If cotton and food are placed in tlie trap, an imprisoned animal 
can endure extreme cold. A further advantage is that more than one ani- 
mal a t  a time may be caught. This may be a disadvantage, for sometimes 
two animals enter and one lrills the other-the only serious cause of mortal- 
ity in the multiple-catch trap. I have found this type of trap satisfactory 
in the present study, especially for Blal-ins, Peromyscus, Citellus, l'amias, 
and Glatcconzys. I suggest, l~owever, that before i t  is used extensively for 
other species i t  be given a trial in order to ascertain whether or not i t  works 
well. 
BAIT 
A mixture of hempseed, wheat, millet, and rolled oats proved to be a 
satisfactory bait, but during the summer months, when rains were frequent, 
rolled oats was eliminated because i t  formed a sticlry mass when wet. 
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Traps were numbered and set i11 a grid pattern to facilitate plotting 
their positioils on the map of the area. At the beginning of the study they 
were spaced ten, fifteen, and twenty yards apart, respectively, i11 differeiit 
areas. For Peronzysczis, the distalice of fifteen yards between traps is most 
satisfactory, and for BZuriqza, tell yards. CitelZz~s, Tnw-zias, and GZauco?nys 
all llavc considerably larger home ranges than does Peronzyscz~s. For these 
wider-ranging species I fouild the most satisfactory spaciiig between the 
traps to be twenty yards. I t  is obvious that the most desirable spacing of 
the traps depends on the habits and nornlal home ranges of the animals to 
be cmxght. Different niethocls of arranging traps hare been enlployed by 
F R O N  T F E E T  
FIG. 1. ~chen la t i e  drawing of hcad and front feet to indicate system of marlring 
animals. 
other workers and will be discussed later in the section on populations. 
Instead of designating quadrats within a wooded area, I set the traps 
throughont each of several more or less isolated wood lots. I trapped the 
ciltire wood lot in order to reduce the error i11 estimating populations and 
home rangcs of species morc or less restricted to these areas. 
Tile animals mere inarlced by i~otches puiiched in the ears and by clipped 
toes (Fig. 1). With this system, various combiliatioils may be nsed and the 
possible nllnibers may be run up into thousands without repetition. With 
somewhat differeiit combinations, the system has beell used successfully a t  
the Laboratory of Vertebrate Genetics of the University of Michigan. Shrews 
(Blarina) were marlced entirely by toe-clipping, chipinnnlrs and flying squir- 
rels by ear-notching. With Peromyscus, both ear-notching and toe-clipping 
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were employecl. All animals were marked in the field at  the place of capture. 
Animals were not etherized, since ether might have wealiened them, especially 
in cold weather. The marlring was done so quickly that they registered little 
or no pain when an ear was notched or a toe clipped. A poultry puilch was 
used to notch the ears and a pair of sinall scissors to clip the toes. Injured 
parts usually healed within forty-eight hours. No signs of infection were 
observed, and I have no reason to believe that any mortality resulted. Chitty 
(1937) einployed a "riiiging techniql~e" in marking small mammals : a metal 
ring or band, carrying a number, was placed around the leg of the animal. 
A11 traps were numbered alld their positions plotted on outline nlaps of 
the areas trapped. Each area was given a number and indicated on a large 
outline inap of the entire George Reserve. When an animal was caught for 
the firsl tiine i t  was marked, and in a field notebook were recorded the number 
of the area, the date, the species, the liuliiber of the aairnal, age, sex, trap 
number, and any information on breeding condition, pelage, and apparent 
disease. Thesc data were rccorclecl also whenever an animal was retaken. 
A11 records and data were kept according to species i11 a loose-leaf notebook. 
I do not believe that I caught all of the individuals of some species living 
within the area trapped. I do believe that the methods used were nearly 
100 per cent efficient for Peronzyscus, Glaucomys, and Tantias. Of course, 
there may have been a few wary individuals that never entered a trap, but 
my experience with these maniinals indicates that they will go to 110 end of 
trouble to reach any food that is available. The same individuals were recap- 
tured many times throughout the year and did not become trap shy. 
The efficiency of trappiiig Peromyscus leucopus .noveboracensis is indicated 
in Table I. Eighty traps were set in a part of a wood lot during the four 
TABLE I 
EFFICIENCY OF TRAPPING PEROMYSCUS L E U C O P U S  FOR THE FIRST TIME I N  AN AREA, 
JULY 20-23, 1937 
Trapping 
Night Unmarked Previously Marked 
First ...................................................... 23 
............................................... Second 8 
Third ........................................... 4 
............................................ Fourth 1 
nights July 20-23,1937, inclusive, and spaced fifteen to twenty paces (forty- 
five to sixty feet) apart. This was the first time the area had been trapped. 
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The number of new mice taken on successive nights decreased rapidly, 
whereas the nunlber of mice previously taken increased. When traps were 
spaced as indicated above, about all of the mice in the area were caught in 
four nights of trapping. 
These results compare favorably with those obtained from an area where 
the mice had been trapped for some time previously and the population was 
known. In  one of the study areas (3.72 acres) there were eighty-nine traps. 
Set during the period June 10-14, these traps took twenty mice; set June 
24-28 they took nineteen mice; July 7-11, twenty mice; and July 21-26, 
eighteen mice. During this last period, all of the mice taken had been 




Number Number Not Taken 




Fourth ............................. . ........... 16 
Fifth ...................................................... 15 
Sixth .................................................. 1 2  
six nights July 21-26, inclusive, is summarized. All but one of these mice 
were caught during the next trapping period, August 6 9 ,  and all had been 
taken and marked during previous trapping. 
In  trapping the selected areas where I had records of the animals, I found 
that if an animal previously taken there was not caught in six nights of 
trapping, I rarely took that animal again in that area. I interpret this to 
mean that the animal either had moved to another area or had been captured 
by a predator. I have records of several animals that were recaptured after 
they had moved, but the majority never again were taken. 
In  his recent paper, Chitty (1937) stated, rightly, that the effects of 
trapping were difficult to evaluate. He stated further that if natural condi- 
tions were to be maintained individuals should be caught "as infrequently 
as possible." A somewhat more lucid statement, I believe, would be that i t  
is desirable to catch them "as infrequently as practicable" for the end in 
view. The type of study one is making should govern the desired frequency 
of capture of an individual. Animals will come back to the same trap night 
after night if that trap is kept set. Obviously, if one is studying movements 
he must avoid this repetition. 
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Chitty raised a number of qucstions concerning the effects of trapping; 
some of these I shall attempt to aiis.cver here. For example: what would be 
the conseq~~ences of liberating nocturnal animals in the daytime? Inasmuch 
as G l a u c o ~ ~ ~ y s  and Peronzysczcs are the only truly iiocturnal mammals con- 
sidered in this study, my remarlis pertain to these two forms. These animals, 
when releasecl, almost without exception go directly to a retreat; whether i t  
be their nesting site I do not Iniow, bat I suspect that frequently i t  is. They 
are under cover before ally predator has a chance to take them. I cannot 
see how releasing the animals in tlie daytime should affect the ailimals 
seriously, although i t  is possible that such a disturbance might alter their 
normal activity. Also, if a mother should not return to her young until 
evening they might be endangered. I believe that unless she is absent too 
long there is little danger that the young will die in the nest, although 
repeated long absences of the mother might lower the vitality of the young 
and expose them to enemies. I have one record of newly born Peromyscus 
which lived sixty hours without parental care of ally Irind. More serious 
than this, I believe, is a possible systemic reaction due to exllaustion from 
fighting the trap while attempting to escape. I have observed no evideiice 
of disease caused by the repeated use of trap and nesting materials, and see 
little danger of infection if traps are kept clean aiid if tlie nesting material 
is frequently changed. I had a sufficient nuniber of traps so that no one 
trap was set more than five days in every fourteen. 
The chances of an individual's meeting a mate are probably less if a 
single-catch trap is used, but on several occasions I have caught male and 
female P.eromyscus together in this type of trap. In  the ii~ultiple-catch trap 
this difficulty is removed, and i t  is the usual thing to catch male and female 
in the same trap. I have evidence to show that, a t  least at  times, wood mice 
travel in pairs. Townselid (1935: 81) also found evidence of this in New 
Yorlr. 
SPECIES ACCOUNTS 
YEROMYSCUS LE COPUS NOVEBORACENSIS 
IIABITAT PREFERENCES 
This species is Pouncl chiefly, but not exclusively, in areas which are 
wooded or covered with heavy brush. Unsettled individuals, especially young 
ones, often appear in open gras~land several hundred yards from the woods, 
but I doubt that they long reniain in  this type of habitat. On the George 
Reserve the wood lots are cliiefly of oak and hickory with an uildergrowth 
of grass or sassafras, black cherry, witch hazel, and blaclr huclrleberry. 
Practically all of the work was done in  these wood lots. 
Within the oalr-hickory woodland are the habitats preferred by these 
mice. The character of the ground cover seeins to be important to them. I n  
those parts of the woods which are fairly open there is a thick cover of grass; 
in  the inore densely wooded sections the undergrowth is cliiefly of other her- 
baceous plants. The latter sections harbor the greater number of these mice 
(Pl. 11, Fig. 1 ) .  
BREEDING 
Dui-iiig tlie spririg of 1935, females were live-trapped near Ainl Arbor 
and brought into tlie laboratory each weelr froni March 2 to April 22. Here 
they were retailled until they gave birlh to youiig or ~u i t i l  sufficicilt tinie had 
elapsed to ilialce it certain tliat they were not pregnant when captured. I n  
all, thirty-one fen~ales were thus trapped. Nine of these, talcell 011 or before 
Marcli 11, were not pregiiant and, therefore, apparently had not bred before 
capture. Fifteen Icmales were captured a t  intervals between March 11 and 
March 31. Six of tl~ese were pregnant a t  the time of capture; nine appar- 
ently had not bred. Sevcii felilales brought in after Marcli 31 were all 
pregnant. Young were born in the labor~atory to ten of the field-caught 
females, on March 31, April  1, 2, 9 (2  ?), 10, 16, 17, 18, and 21. Three of 
the pregnant females died in the traps. Tlic above data apparently inclicate 
that in this region, in tlie spring of 1935, a few oltl feniales started breeding 
about March 10, and that by April 1 nlost, or pel-liaps all, of the111 had mated. 
I n  order that the findings of the 1935 season niight be checked, ail assistant 
was einployecl to live-trap field anirnals in the spring of 1936. Trapping was 
cornmeneed on March 8 and was continued throngh May. Fifty-four adult 
females were trapped during this time. The results were similar to those 
just given for 1935, except that the first litter was born on March 23, about 
a weelr earlier than the first litter in 1935. 
I11 the first season, 1935, an external examination was made of the testes 
of all males taken. Of the seven iiiales trapped March 2, all had the testes 
abdominal, but in practically all males talren after March 11 the testes had 
16 
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descended to a scrota1 position. Thus, the time that the males came into 
breeding condition, as determined by external examinations, was coincident 
with the breeding of the first females. 
The above data, although based on relatively few records, are sufficient, 
I believe, to give a fairly accurate notion of the beginning of the breeding 
season of the wood mice in this area. 
The technique employed a t  the Georgc Reserve in following the breeding 
condition of females through the remainder of the season was less positive, 
but, nevertheless, fairly reliable. The mice were live-trapped, marked, and 
released at  the point of capture. The condition of females always was noted. 
By recapturing a female on the average of ten times a month, one can record 
her breeding activities fairly accurately. I t  is not difficult to determine 
externally whether or not an old female is about to give birth to young or is 
lactating. I n  1935, only three old females were observed throughout the 
entire period May-September at intervals of a week or less; observations of 
one were continued until October. The records of these three old females, 
additional data on twenty other fenzales that were observed over shorter 
periods in 1935, and the data on forty-two old females in 1936, indicate that 
most old females raise two litters in the spring, but some raise three. The 
litters follow one another in fairly rapid succession from early April until 
early June. The last spring litters are weaned in late June or early July. 
The next litter usually does not appear until about the middle of August, 
althougli a few litters arrive as early as the first of August. Normally, two 
litters are raised in the fall by each old female, the last appearing in Septem- 
ber or early October. Each old female that lives throughout the breeding 
season has four, or possibly five, litters. 
Among the n~icc caught i11 any nionth of the period April-October, in- 
clusive, there may be females with einbryos, and hence one might reasonably 
conclude that they breed throughout the season. If, however, the history of 
one female is traced, a rest period of a month or nzore is discovered. I t  
occurs in July or August, depending upon the time when she starts breeding 
in the spring. This rest period accounts for the scarcity of breeding females 
in midsummer as recorded in Table I11 and shown on the graph, Figure 2 C. 
The likelihood of reaching a wrong conclusion in this case is strong evidence 
of the importance of conducting life-history studies on living, rather than on 
dead, animals. Paradoxically, many life histories are based largely on data 
gathered from dead ai~imals. 
Young females of the year begin to breed at  the age of two and one-half 
or three months; they give birth to their first litters when they are about 
fourteen weelrs old. For only one female do I have both the date of her own 
birth and the date when her first offspring were born. This mouse was born 
on June 1, 1936, and had her first litter on September 12 of the same year, 
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TABLE 111 
BREEDING ACTIVITY OF ADULT FEMALES OF PEROMYSCUS LEUCOPUS 
AIonth and Year Number Number Not Percentage / X%$er  1 Breeding Breeding I Breeding 
April ..... ........ First  half .. 
May .... . . . .. .. 
( First half .. 
1 Second half ... 
June ........... ......... ( First half . .... 85.7 1 Second half .. 1 : 7 5 . 0  
July  ................. . ( First  half . .. 1 Second half ... 
August . . . . Second half . . 
f First half . 
September ""' 1 Second l ldf .. 
October ... .. ... Seco~id half ... 
November . . First  half ..... 
1936 
March ...... .. . ' 1 Second half . . 11.8 
April ...... ..... .... ( First  half . .. 2 66.6 1 Second half ... / X I  3 50.0 
f First half 7 May ...... .............. 35.0 ) Seeoild half ... 6 1 4 66.6 
June ...... .. .......... J First  half ... ,. 100.0 ) Second half 1 100.0 
July  .......... .......... J First  lialf .... Second half .. 
August .. ....... ..... f First half ... Second half 
J First  half ... .... . . . . . , , . . . . . . 
November ,...., 1 Second half ... . .,., . . . . . . . . . . . , 
( First  half .. 
...... 1 second half 
( First  half .. 
October ............ , Second half ,,, 
December ......... Second half ... 
1937 
February ......... Second half 
March ................. First  half .. . 
May ...................  Sccond half ... 
June ..................... Second lialf ... 
July  ........... ........ f First  half . . 1 Second half ... 
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FIG. 2. Tho percentage of females of Peromysczcs Zezrcopus noveboracensis in 
breeding condition throughout the season from March to November: A, all breeding 
females for the three seasons 1935-37; B, young spring-born females, plotted separately for 
tho three seasons; C, adult females, plotted separately for the three seasons. 
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a t  the age of nearly fonrteen wi.clks. Aclditional rccortls, covering periods 
of from six to nine months, on fonrteen females that were between twenty- 
five and thirty days old a t  tlie time they were first captured, indicate that 
nolie of them bred before she hacl reaclied an age estimated ar, two and one- 
half montlls. Most of them had their first litters a t  the age of thirteen or 
fourteen weeks. As far  as I know, nolie of the autrmn young-those born 
after August I-breed until tlie followiilg spring. My vecords indicate that 
most of tlie spring-born fernales breecl in the fall, when each raises one or 
two litters. A few of the youiig fenlales of tlie first spring litter may be 
expected to start breeding the latter part of June, but it is not uiitil late 
Augnst or carly Septembcr that the inajority of them are in breeding coiidi- 
tion (Table I V  and Fig. 2 B) . 
Occasionally a barren female is found. I havc records of ail old female 
for seven consecutive weeks, during which time slie sliowed no siglis of breed- 
ing, altllougll other females 11~ere breeding actively. From external appear- 
ance, she was a healthy incliuidnal. Fernales probably do not breed while 
in a weakciicd condition from disease. I have records of one such fenlale 
over the period Jtuie 3-Septe~iiber 10, 1935. When first capt~lred she was 
lactatiiig aird appearecl normal in  every respect. 011 June 18 she was still 
lactating slightly, and the hair on her forehead had started to fall out as the 
result ol' an iiil'ection of an ectoparasite. By the first of Ju ly  slie had be- 
come nearly nalred, her tail v7as badly s~zrollen, and slic appeared to be weal< 
and near death. By Ju ly  15 slic had shown slight improvement, aiid by 
August 25 slie had coiripletely recovered. She showed no signs of breeding 
up to September 10, the last date on wllich she was captured. 
Records were made of the iiumber of young per litter for the litters of 
thirty-nine l'emalcs. The cxtrcmes are two and six, aiid tlie average is 4.26 
per litter. Svihla (1932) found tlle mean number of young for fifty-three 
litters to be 4.36; Townscncl, i11 New York (1935 : 83),  found that embryos 
ranged from three to seven witli an  average of 4.7 per l i t ter;  aiid Coventry 
(1937), in  Ontario, found tlie mean number to be 5.04. 
By  Bi~owing the average numbcr of litters per year and the average 
number of yonng per littcr one call calculate the average iiumber of offspring 
of a single pair of mice i n  one season, providecl the sexes are evenly divided, 
there are no mortalities, and all individuals breecl normally. An old female 
in  the wild state will raise a t  least eight youiig i11 the spring, four females 
and four males. She also will raise the same number in  the fall, a total of 
sixteen. I n  addition, the four females born in  the spring each will raise 
four, and possibly eight, young in  the fall, a grand total of a t  least thirty- 
two offspring, and thirty-four mice, including the original pair. This prob- 
ably rarely, if ever, happens where predators are present to eliminate a 
certain percentage of both the young and the adults. I f ,  however, there 
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TABLE I V  
Month and Year 
1935 
. . .  
May 
( First half 
..................... ) Second half .. 
..... 
June 
J First  half 
............... 1 Second half ... 
. . .  July ............... First half Second half .. 
August ............... f First ... 
... ) Sccond half 
September 
J First  half .. 
. . .  ... 1 Second half 
October .......... Second half ... 
November ...... First  half ..... 
19% 
June 
f First  half . . 
.................... ) Second half . . 
July J First  lialf . . .................... 1 Second half .. 
August 
( First half .. 
........... ... ) Sccond half 
J First half 
... 1 Second half 
... October J First  half ........ 1 Second lialf ... 
J First half ..... 
... " . .  1 Second half 
1937 
May ..................... Second half ... 
... June ................... Second half 
July  J First  half . . ................ 1 Second half ... 
..... 
August 
( First  half 
............... 1 Second half 













were no predators, no defense of territorial rights, and if there were suffi- 
cient food and shelter and all the young lived and bred, at the end of the 
second season there would be at least 578 individuals from the single pair. 
I cite these figures to indicate the rapidity with which a population might 
be built up, under favorable conditions, and the difficulty of trying to con- 
trol certain prolific rodents by artificial means. Unless all of the animals 
were exterminated in an area, in one or two seasons the population would 
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return to normal, if limiting factors remained relatively constant. Preda- 
tors are the natural checks for these rodents and play an important role in 
eliminating the surplus. 
SEX RATIO 
Table V gives the number of individuals caught for the first time during 
each of the three seasons, as well as the number of each sex and the per- 
TABLE V 
Sex RATIOS FOR PBROMYSCTJS LEUCOPUS 
centages of the whole. Individuals marked and retaken later were not 
counted after the first capture. Daring the 1935 season the sexes were 
nearly equal in number. The males exceeded the females in 1936 and again 
in 1937, when 56.08 per cent were males, and 43.92 per cent were females. 
In the three spasons combined, 53.32 per cent wcre males and 46.68 per cent 
wcre females. The above percentages are based on a total of 1551 indi- 
viduals. 
The excess of the number of males over the number of fcmales may be 
apparent rather than real. A greater tendency of the males to wander 
might account for a higher proportion of males to females trapped than 
obtains in nature. At  any rate, the departures from the hypothetical "fifty- 
fifty" ratio are not considered significant. Towiisend (1935 : 42, Table 12) 
Pound that of 291 mice, 194 (66.6 per cent) were males. He attributed part 
of the excess of males over fcmales to the greater wandering teiidency in 
the males. 
HOME SITES 
Wood mice select diverse sites for homes. Nests have been observed by 
Audubo~i and Bachman (1852: 302-5) in deserted squirrel nests, in bird 
nests, in hollows in trees, i11 buildings, under stone heaps and old logs, and 
in tlre ground. Evermaiin and Clark (1911 : 17), reporting upon the habitat 
of this animal in Indiana, state : 
Any old pile of wood, boards, logs or brrlsh, stark of straw or hay, or slloclr of 
fodder is  almost sure t o  contain a t  least one famlly of tlrrse beautiful and interesting 
little animals. They may also be found in almost any old dead tree, nrhethcr in open 
woods or dcnsc forcst, i n  which thcre are natural hollows or deserted woodpeclcer l~oles. 
These are but a few of many statements with regard to the variety of con- 
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ditions under which the wood mice nest. I have found them in old stumps, 
in squirrel nests, in the hollows in trees, and in almost every conceivable 
place around buildings that afforded shelter. At  the living quarters on the 
George Reserve, I found nests of these mice in a lime sack (mother ancl two 
young), in kegs aiid boxes of various kinds, in a metal toolbox on a mowing 
machilie (old male), on top of the battery i11 my frequently used automobile, 
aiid in one of my hip boots, where a female built a nest sometime i11 the early 
evening ancl gave birth to four young before 10 : 00 o'clock that aight ! The 
boots had been in use during the day. Practically ally soft materials avail- 
able are used in building the nest. The instance just cited, of the female 
that built her nest in my boot and gave birth to young within a period of 
three hours, indicates that a female may build a nest to hold each new litter 
of young. This affords more sanitary conditions than would be provided 
were shc to raise them in an old nest, possibly infested with ectoparasites. 
Probably more than one nest is used by the same mouse, as was suggested 
by Setoii (1920 : 138). It would be a distinct advantage for a mouse to have 
several nests: if disturbed in one place, i t  could retreat to another imme- 
diately aiid lessen the danger of death from exposure or predation. Ade- 
quate nesting sites and retreats are necessary for the welfare of any animal, 
be i t  predator or prey. 
FOOD STORAGE 
EInbbard (1887: 329), describing a nest of the wood mouse, noted that 
"just over the nest was found two quarts of peeled acorns, with a large 
quantity of beach-nuts and seeds." I had an unusual opportunity on the 
George Reserve to observe the storing habit of these mice. A saclr of mixed 
seeds was always on hand for bait. My first knowledge that the supply was 
being raided by these mice came when I discovered a small handful of seeds 
i11 one of my boots. Sooii afterward, small stores of seeds were fonnd on 
shelves, in wastepaper boxes, aiid at  various other places. The storing 
habit of woocl mice is displayed iiot in any one season alone, but ~vhenever 
an abundance of food is avai lablci i i  nature, when the seeds and nuts 
which help make up their food supply are ripening. I often have taken 
mice from traps in the evening to find that they had stuffed their cheek 
pouches so full of seeds that they bulged like two balls, one on either side 
of the face. I also have watched them, in captivity, busy tliemselves carry- 
ing the food from the coiitainer and caching i t  in various parts of the cage. 
I11 captive animals this habit is displayed to a greater degree by some indi- 
viduals than by others. Whether or not the same is true in nature I do not 
know. Of the captive mice that I kept in a few cages for a short time there 
was one mouse in particular, a tireless worker, that would iiot stop until he 
had cached every bit of food placed in the container. 
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SOCIABILITY 
It is difficult to study the social habits of a nocturnal animal such as  
Peromyscus  leucopzu. I have, however, a few data on this phase of their 
conduct, gainecl by casual observatioiis and trapping records. I have reason 
to believe that during the breeding season old females are antagonistic toward 
one another. Daring this tiine they n~aintain definite territories which ap- 
parently they protect from others of their sex (Figs. 3 and 4) .  This will 
be diseussetl later. I11 only one instance dnring the last two seasons, when 
I used multiple-catch traps, did I find two adult females together i11 the 
same trap. This occurred in Dece~nber when they were not breeding. I n  
two instances 1 toolc adult femalcs in  thc same traps wit11 young males, and in  
eight instances with young females. When the young are first out of the 
nest they evidently run with the parent for a short time. This friendship 
between parent and young is probably short-lived, except in the case of the 
last litter in  the fall. I n  oile case, on Julie 15, 1936, I was so fortunate as 
to witness an  old female chasing a yo~ulg  female. From all appearances it 
was not a friendly chase. I t  was evident that the old feiilale mas attempting 
to drive the young one, possibly her o.vvn offspring, out of tlie hoiiie territory. 
Old males are apparently more tolerant of both young and adults of the 
same sex than are old females. Indications of intoleraiice were shown in but 
two of the nine instances 11~1lcn old males were foulid together in the same 
traps. In eatall of these two illstances oiie of the males was dispatched by 
the other. These occurred on August 25 and 26, 1936, during the breeding 
season. Old rnales were talcen with young females five tinies and with young 
males but once. The most frequent combination, however, when two mice are 
found in  the same trap, is that of an adult male and an adult female. This 
eombiiiatioii occurred thirty-seven times in  the total of seventy instalices 
when two or more mice were so recorded. I have one record 01 a male and 
female talcen i11 the same t rap on the night previous to parturition. 
The inice are more lilc~ly to be talcen in groups chn-ing autuinn and ~viiiter 
a i d  singly during spring ancl summer. Tliat males and females occasionally 
nest together and travel together is evident from the following recorcls: On 
June 11, 1936, I toolr an adult nlale ai~cl female together in a single-catch 
trap, wliiclr necessarily had to be eiitered by both at  about the same time. 
T l ~ e  feniale, No. 48, appeared to be i11 breeding co~ldition. On February 13, 
1937, adult niale No. 328 and adult fe~ilale No. 332 were fount1 occupying 
the sanie nest. They wcre left in  their nest alld disturbed as little as pos- 
sible. Traps were set that eveiiing, and the next moriiing these two mice 
were together in a trap about sixty feet (listant from the nest. I have no 
way of lc~~owiilg that t l r ~  two aninlals traveled together, but I do know that 
they left the same place i11 Ihe evening and reached the sarne trap. There 
were three other traps, all of which were closer to the nest tliail the one 
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entered, so it would seem that had they not traveled together they would have 
been liliely to encounter different traps. 
The data, though meager, indicate that Peromyscus lez~copus, is not, 
strictly speaking, a social animal. This is especially true during the breed- 
ing season, when territorial behavior is displayed. I11 late fall and minter, 
after breeding activities have ceased, wood mice seem to be more sociable 
and individuals of the same or diffcrcnt sexes are found together. 
ACTIVITY 
These mice, unless disturbed, usually spend the daytime in their nests 
and come out to forage a t  the approach 01 dusk. Trapping records indicate 
that they are most active, at least in their search for food, during the early 
part of the night. Males wander farther than do females, and in this 
respect are more active. They arc good climbers aiid do not c o n h e  their 
activities to the ground. I often caught these mice in traps attached, about 
five feet above the ground, to the trunks of trees. I have no direct evidence 
that they are more active in certain types of weather than they are in other 
types 01 weather, but my general impression is that one is lilcely to have a 
better catch on a dark, rainy night than on a clear, mooalight night. Whether 
the mice are more active or whether they call detect the bait more readily on 
a damp night I do not know. They remain active throughout the winter. 
HOME RANGE 
The home range of an animal, as here defined, is that area about its estab- 
lished home which is traversed by the animal in its normal activities of Pood- 
gathering, mating, and caring for young. I t  excludes those areas traversed 
by vagrants or other iiidividaals in search of home sites. In Peromyscus 
leucopus, and probably ill many other species of mammals, the home ranges 
of the two sexes differ appreciably. By trapping only, it is difficult to deter- 
mine accurately the extent of the home range of an individual, because i t  is 
not certain that ilie animal lias been caught in all parts of its range. Fur- 
thermore, because of the i~.regular sliapes oP the ranges, it is not easy to calcu- 
late the areas covered. Then, too, the range may shift from tinie to time so 
that the area covered by an animal in one period may not be the sa~ric as that 
covered by the same animal two or three months later. Therefore, my figures 
representing home ranges are subject to considerable error. They may serve, 
nevertheless, to indicate the size of each home range. 
I n  order to eliminate some of the error that might occlrr in instances 
of shifting ranges, I have grouped the records of each indivicllxal by periods 
of one month. The calculated area covered by an individual within a period 
of a month may be explained by the followiilg exaiiiple : If traps are set ten 
yards apart in a grid pattern, each trap represents a unit one hundred 
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square yards i11 area. I f ,  dariag the trapping period, a mouse is caught a t  
points tl~rougliout an area covered by ten traps, then this area, one thou- 
sand square yards, is considered to be the home range. The great variation 
in size of home ranges indicated by my figures is probably exaggerated; 
undoubtedly there is co~isiderable variat,ioll in size of areas covered by 
different mice and in the size of the area covered by the same mouse a t  
different times. The smaller figures probably iiidicate insufficient trap- 
ping records rather than extremely small home ranges. The ranges of a 
few individuals, the records of which are fairly co~liplete, are given i11 Table 
VI. It should be noted that some iadividuals-No. 403 (female), for in- 
stance-maintain a fairly large range throughout aa  entire season, but that 
the ranges of others fluctuate in size from mo~ith to nioath. For adult 
females, in sixty-five monthly periods the ranges averaged 1012 square yards 
(0.208 acres), with 300 square yards (0.062 acres) as a iiiiiiimuiii and 1800 
square yards (0.372 acres) as a maximum. I11 fifty-eight periods for adult 
males, the average range was 1312 square yards (0.27 acres), with a minimum 
of 800 square yards (0.165 acres) and a maximum of 2600 square yards 0.54 
acres). I suspect that in this species the size of the home ralige is about 
the same as the size of the territory, the protected part of the home range. 
Mouse 
Numbcr 

















* All of the mice nrcre adult cxecpt those listed in the June  column below the first 
three. 
TERRITORIAL BEHAVIOR 
Territoriality can exist oiily when there is a defense of all or of part of 
the home range of ail animal. This defense is directed primarily against 
members of the same species. I found it impossible to study the territorial 
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behavior of wch ilocturnal animals as Peromyscus by direct observation. 
It was necessary, therefore, to rely upon data gathered by live-trapping 
and iiiarlting the animals. By plotting the positions of capture of the dif- 
ferent iiidividuals on the map of an area, I find that the area of each of the 
breeding Uemales is separate-that although areas sometimes adjoin one 
another, they seldom overlap. I interpret this to mean that there is a de- 
fense 01 territory, that trespass is not tolerated. Wliether or not members 
of this species defend their territories against iilvasion by other species is 
riot linown. 
The finding of the territory is probably a matter of chance. Available 
evidence iilclicates that a young aninial that is forced away from the terri- 
tory where it was born wanders more or less at  random-sometimes leaving 
its preferred habitat-until i t  finds an ui~occupied area where i t  can estab- 
lish a perinaneilt home. Some animals find places near by ; others are forced 
to travel relatively long distances before they find vacancies. Once a mouse 
settles down and establishes a territory, i t  usually, but not always, remains 
there for life. A breeding female ordinarily remains at  least until the end 
of the breeding scasoii. Territories of females may shift slightly from sea- 
son to srason, but rarely do they shift any great distance. When an old 
female shifts her territory, a young female will usually talie up  her old 
abode. During my studies there was no time when all of the available 
habitat under consideratioil 71 as occupied by adult breeding females (Figs. 
3 and 4) .  
A mouse apparently is familiar with every part of its territory. Al- 
though i t  may not form runways, i t  apparently has definite trails which i t  
follows fairly closely. I always watched each animal after i t  had been 
released ; in nearly every instance the animal seemed to know where i t  was 
going, if it were released in its home territory. One female, caught several 
times, often took a rather roundabout way, but always went to the same 
retreat. She climbed up into a small shrub, crossed by way of its branches 
to a fallen tree, went down its trunk to the base, and thence into a hole. Most 
animals, however, toolr a more direct course. I11 many instances they dis- 
appeared into holes not visible from the point of release. When a mouse is 
carried to a place beyoild the limits of its territory and is released, i t  often 
wanders for some time before i t  finds a retreat in which i t  can seek protec- 
tion. I t  is important for a mouse to know its territory if i t  is to escape its 
enemies. Unless an ai~inial is aware of all the retreats and of ways of reach- 
ing one in short order, i t  stands little charice of escapiilg the more alert 
predators. 
The size of the territory maintained by individuals of a species is a 
significant factor i11 limiting the population of the species. 
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EIOMING INSTINCT 
There have beell few attempts to determine whether or not these mice 
possess a "homing instiact." Johizson (1926) marlied and carried three 
mice (Peromysczcs lez~copus novcDoracensis) for distances u p  to 200 yards 
from the place of capture. Two of them returned, one from 150 yards and 
one from 200 yards. T l ~ e  third mouse, carried abont 100 yards away, re- 
niained where it was released. Townsend (1935 : S2), working with the 
same species of niice, found that "several of these, released a t  a distance of 
100 yards, returned to practically the same locality where they were first 
talren." According to Hamilton (1937: 262), they return clistances that 
vary from one-fourth of a mile to oile mile. Murie and Murie (1931 and 
1932), worliing ~vi th  176 marlied Pel-onzysc?is nza?ziczclatzcs, a different species, 
found that one of them a clistalzce of two nziles. 
Chitty (1937 : 37) conl~zzented on the above experiments in  the following 
words : 
( a )  It is Ilkcly that  returns from t l ~ e  sl~orter distances may bc caplaincd by the mice 
having a bigger liomc range than exy7cctcd. (b)  As an  alternative hypotliesis to  tha t  of 
" homing instinct ' ' the f ollowi~lg explanation might bear examination : tha t  chance wnndrr- 
ing combi~led with a high activity serves to brlng the animal into an  area of fairly large 
size wit11 which it is familiar. 
The Mmics have some evideizce that the dispersion from place of 'elease is 
chiefly in  one clirection-homeward. 
An experiment to determine whether or not Peromysczcs lezccopzis pos- 
sesses a homing instinct was carried out in  the following manner: A quadrat 
300 yards long and eighty yards  vide was selected along one side of an  ex- 
tensive wood lot. Live traps were set in a grid pattern, about sixtee11 yards 
apart ,  tllronghout the area. All traps remained set for four nights, August 
5-8, 1937, and each of the nlicc t'augllt on the first three nights, as soon as i t  
was first discovered in  a trap, was carried to the center of tlie plot and re- 
leased (Pig. 5) .  When they mere talteii from the traps they were marlred 
and plaectl in  a metal bncl~et wit11 a tight lid, and could not see where they 
were being carried. Many of them were transpoi-ted across the length of 
the qr~adra t  several timcs before they eventually were released. The dis- 
tances from the points of capture to the point of release ranged from ten to 
155 yards. Iilasmach as the average normal range of an  iiidiviclual is rarely 
more than seventy-five yards in greatest cliametcr, the mice from areas ~liore 
than thrcc t rap lines away from the center may be considered as having bee11 
carried ont of their territories. The possibility of any one animal's know- 
ing the entire area may be ruled out, I believe, because apparently the woocl 
nzonse rarely goes ally great distance olzcc i t  has established a home. Young 
animals i11 their search for a lronle constitute an  exception. I f  there were 
no homit~g sense-no directing force-we sholxld expect the mice to disperse 
equally in  all directioizs from the point of release. 
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The experiment inay be summarized as follows : Thirty-seven mice from 
throughout the area were released in the center of the quadrat. These were 
made up of the following categories : old males, thirteen ; old females, ~iilie ;
young mature males of the year, ten ; young mature females of the year, four ; 
young immature female, one. All of these mice except one young female 
were old enough to have established their homes, although, as miill be pointed 
out later, some of them probably were still wandering in search of homes. 
If the mouse were recaptured not more than two traps distant from the point 
where it was originally taken, I considered i t  to have returned home; other- 
wise, i t  was colisidered to be lost or wandering. Twenty-eight iiidividuals, or 
76 per cent of the mice, returned home. Thirteen of these were recaptured 
in the same traps in which they were talien originally (Fig. 5 A) .  Two went 
ill a direction almost exactly opposite to the direction of home. One of these 
(No. 556) came back nearly to the point of release on the second night. Ail- 
other (No. 565) on the way to its home, which was 150 yards from tlie point of 
release, was stopped by a trap when i t  had golie but half that distance. One 
(No. 575) was tal~eii near the point of release and was in its home territory. 
One (No. 576) entered a trap near the point of release, and another (No. 
2123) welit i11 the homeward direction, but beyond the place of initial cap- 
ture, and then, on the second night, returned about 160 yards and uTas caught 
slightly beyond tlie point of release and in the direction opposite from the 
point where i t  was first talcen. Since this mouse, a young adult male, had 
been marked in another wood lot less than two weelrs prior to being captured 
here, it was probably a wanderer ~vhich had no established home to which to 
return. This explanation may account for the action of some of the others 
that did not return to the place of capture. Three of the animals (Nos. 561, 
582, and 583) were not retaken (Fig. 5 B).  The distances traveled by those 
that returned home are given in Table VII. Of these, nineteen returned the 
first night after release, five were talren on the secolid night, and four 011 the 
third. 
TABLE VII  
DISTANCPS TRAVELED BY MICE ON TREIR RETVRN ISOME, FIRST EX PER IN EN^^ 
Yards rcti~rncd 
Nuinber of males 
Number of frmales 
- 
I n  Figure 5 A, I have attempted to show graphically the resnlts of the 
experiment. The traps are represented by the small rectangles, the places 
of first capture by solid circles, and the points of recapture by open circles. 
The position of recapture of a mouse in the same trap is represented by a 
solid circle surro~uided by an open circle. Arrows indicate the point of first 
capture (solid circle) and of recapture (open circle) of each individual. I n  
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FIG.  5. First  homing-instinct experiment with Prromyscus 
A, positions o f  capture o f  mice tha t  went home; R, positions o f  
not return homc. For  detailed explanation see pages 31 and 33. 
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Figure 5 B, I have included the recaptures on successive nights to show the 
wanderings of those that did not return home. The line from the center 
points to the place of recapture after the mice had been released. Solid lines 
represent their travels, and broken lines indicate where they should have 
gone to reach home. 
A week after this experiment I trapped the same quadrat again for two 
nights, August 16-17, 1937. All of the mice that had returned to their 
homes, represented in Figure 5 A, were caught again, and all but one were 
still in the same territories. This one, a young adult male, had moved 145 
yards toward the southeast corner of the quadrat. Of those represented 
in Figure 5 B, only one (No. 575) was talien. This mouse, as has been 
pointed out (p. 31), originally had been caught near the center of the 
quadrat, and the point of release was, no doubt, within his territory. 
As a further check on the homing instinct hypothesis, another area was 
selected and the experiment was repeated. I n  this experiment, however, 
many of the animals were carried considerably farther from their homes. 
Otherwise, the details of the experiment were the same as those outlined for 
the first area. The second area, somewhat irregular in outline, was 350 yards 
in greatest length. Throughout slightly more than half its length it mas 125 
yards wide, the remainder being but forty yards in width (Fig. 6) .  This 
wood lot is surrounded by open fields, except at  the narrow end, which con- 
tinues as a strip of woods. All animals caught in the narrow strip (west 
end) were carried to the southeast corner and released (Fig. 6 A)  ; those 
caught in the broader east section of the area were carried to the west end 
and released (Fig. 6 B).  The greatest distance that an animal was moved 
in a straight line was 365 yards, and the shortest distance, 160 yards. Thus, 
the shortest distance that mice were moved was about three times the 
diameter of the normal range of an individual. Traps were set August 20- 
23 and against August 31-September 3, 1937. 
Fifty-one mice, all but four being adults, were involved in this experi- 
ment. Thirty-two were carried from the east section and released at  the 
west end; nineteen were carried from the west section of the plot and 
released at  the southeast corner. Six of the nineteen released a t  the south- 
east corner returned home; the distances which they covered in returning 
were 270, 300, 300, 335, 360, and 365 yards, respectively. Eight started in 
the general direction of home and reached distances from the point of release 
of 40 to 110 yards. Five were not recaught. Of those released at the west 
end, thirty-two in all, eleven returned home from distaizces of 175, 175, 175, 
185, 200, 210, 215, 240, 255, 300, and 355 yards, respectively. Nine started 
in the general direction of home and reached distances of ninety yards or 
less. One remained at  the point of release, and eleven were not retaken. 
The experiment in this plot may be summarized as follows : Fifty-one mice 
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~''IG. 6. Results of second l~o~n ing -~ i l s t l~ l c t  experilnent with Pcromysczts leucopus 
noveboracenszs. A, mice caught in lolver section, bclo~rl double line, wcrc carried to 
upper riglit coriier and relcascd. B, those taken in upper scction, above double line, 
mrerc carried to lower edge m ~ d  rclcnsed. Xolld llne points to  place of recapture-solid 
circle within open circle if inouse rcturncd to same t r ap ;  otherwise, open circle. Broken 
lines point to pl:~ee of original c:~ptaic of ]nice tha t  lcturned horne, but not to  saine 
trap. 
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were moved distances of 160 to 365 yards. Seventeen mice, 334 per cent of 
those moved, returned to their homes over distances of 175 to 365 yards 
(Table VII I ) .  Seventeen, 334 per cent, started in the proper clirection and 
traveled 110 yards or less, but did not reach home. One, 2 per cent, stayed 
a t  the point of release, and sixteen, 313 per cent, m7ere not talren again. 
TABLE VII I  
DISTANCES TRAVELED BY MICE ON TIIEIR RETURN ITOME, SECOND EXPERIMENT 
Yardsrcturned ........... 
Numbcr of males .... 
Nunlbcr of f emnlcs 
Mice released a t  the southeast corner were forced to start in the direction 
of home if they remained in the wooded area, as this corner was bordered by 
grasslancl. Those released a t  the west end had continuous woods in every 
direction. This may account for the higher percentage of directional move- 
ment towards home among mice released at  the southeast corner than among 
those released at  the west end (73.7 per cent as against 62.5 per cent). The 
grassland, however, is not a barrier to these mice. 
It will be noted that in the first experiment, in which Inice were carried 
ten to 155 yards and released (Fig. 5) ,  76 per cent returned to their homes, 
bat  that i11 the second experiment, in which they were carried 160 to 365 
yards (Fig. 6) ,  33; per cent returned to their homes. The snlaller pereent- 
age of returns seems to be correlated with the greater distances that the mice 
were movcd. 
This, i t  seems to me, indicates that members of this species possess a 
homing sense of some nature. Random ~vanclering would not account for the 
return of such a large proportion of the animals to the place of first capture, 
nor for the return of many to the same trap. 
DISPERSAL 
Dispersal of individuals in this species occurs chiefly while the animals 
are youlig and before they have established their homes. Once an animal 
selects a home site i t  rarely leaves, but usually remains there for the rest of 
its life. I have records of 287 animals that were take11 bet-cveen two weeks 
and a year after their initial capture. The distances between the points of 
initial capture and the points of subsequent captures are shown in Table IX.  
If animals remained within 100 yards of the place of original capture 
(nearly twice llle radius of an average home range) they were considered 
not to have dispersed. I t  will be noted that of fifty-six old females only three 
moved appreciable distances from the points of initial capture, two moved 
between 200 and 300 yards, and one between 700 aucl 800 yards. Old males 
move greater distances than do old females but young males and females 
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TABLE I X  
L)lsrl'aiic~s BETWEEN ?~?OINTS O F  INITIAL CAPTUBE AND PO~NTS O F  LAST CAPITRE, AFTER AN 
INTERVAL OF Two WEEICS OR MORE, on7 PBROMYSCUS LEUCOPUS 
Tlle first eoluinn is within the normal range of the individual. 
Yards 
Old fernales .... 53 .. 
Old males . .. 56 17 
Yonng females 60 10 
Y o ~ ~ n g  males ... 43 13  
r ,  iota1 ............... 212 40 
move farther than do old males. The animals that nioved farthest (800 to 
900 yards) were young. It is quite probable that a number of these animals 
llad moved some distance before they were caught the first time, and some 
~~sidoubtedly continued to move after the last capture. My records, tliere- 
lore, clo not iiecessarily indicate n~asiliium distances traveled. They do, 
however, give some indication of the ciistances dispersed. The records show 
(Table 1X) that about one-third of the young (fifty-one of the 154 recorded) 
iiioved distances of 100 to 900 yards from the place of initial capture, and 
that two-thirds remained fairly close to (within 100 yards of) the place 
where first taken. ?'he average distance nioved by the Ety-one young aiii- 
nials is 266 yards. 
POPULATIONS~ 
I11 an attempt to determine populations of Peronzyscus in central New 
York, Townsend (1935: P1. I )  used a stationary line of traps about one 
Imntlred feet long, and, "several yards away, ' ' a moving quadrat t.onsisting 
of three lines of traps, the lines being a rod apart and each line thirty-three 
feet long. After each night of trapping, the liuc nearest the starting base 
was picked up  and moved a rod ahead of the foremost line; tlxns tlre lines 
were advanced through the quadrat. The traps were set and changed in this 
fashion for fourteen clays, after which time all were nioved to another area. 
The moving qnadrat and stationary line covered seve~iteen-eightieths of an 
acre. 111 the stationary linc, only tlie catch of the first tlirce nights mas 
counted in his population estimates. Because his quadrat vlas only tliirty- 
three feet wide by 264 fcct long, and bccanse an individual mouse, nol.mally 
ranges over an area of 150 to 300 feet in diameter, it is apparent that Town- 
sencl was using his traps not only for animals wliicll ranged wliolly within 
the quadrat bat also for those which ranged in part outside the quadrat. 
I11 calculating the population per acre, as I understanil his experiment, 
1 An important paper by B. P. Bole (1939) TTas published after this had gone to  press. 
1Ie llas diseusscd n number of prohlcms regarding population studies; some of these I also 
treat  here. 
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Townsend considered the area covered by his traps, plus a strip one-half rod 
wide at  each end-a total area of about seventeen-eightieths of an acre. 
He should have included a strip no less than 125 feet wide (about one-half 
the diameter of a home range) all around his quadrat, provided the quadrat 
was well inside the habitat and not on one of its borders. Calculating his 
area in this way one would expect him to trap out two to three acres instead 
of seventeen-eightieths of an acre. His population estimates, are, therefore, 
possibly from ten to fifteen times greater than the actual population. It is 
impossible from the data Townsend presents to calculate the number of mice 
per acre. He does not give the distance between the stationary line and the 
moving quadrat, nor does he state whether his traps were near the border of 
the woocls or well within it. Furthermore, i t  is essential to know the exact 
dates, because of the fluctuation in numbers from month to month. Suffice 
it to state that his estimates certainly were too high and were subject to a 
rather large error. 
Williams (1936) used a still smaller quadrat (ten meters square) than 
did Townsend, and his error in estimating populations is, therefore, still 
greater. He, however, realized his error before the end of his stuclies, and 
stated that his estimates were undoubtedly too high. Inasmuch as his 
quadrat and his total catch were both so small, the resultant error is great 
enough so that his data cannot be considered of any significance for a proper 
estimate of the actual numbers of animals. If his table of total catches is 
studied (Williams, 1936 : 362) one finds that in Quadrat A, for instance, he 
caught eight mice in 1932, one in 1933, none in 1934, and three in 1935. One 
may account for these cliff crences in numbers in the following manner : Sup- 
pose, in 1932, that his quadrat were over a home where a litter of young mice 
were ready to leave the nest. If he caught this family and also one or two 
individaals that wandered in from the outside he would have his maximum 
population. His low catch in 1933 and 1934 may be explained: (1) by 
depletion of the population by a predator, and (2) by trapping in an unoc- 
cupied area. Williams (1936: 363) estimated that in the autumn of 1932 
there were 218.52 wood mice (Peromyscus leucopzcs) per acre. This would 
be one mouse for every area fourteen feet square. His total of all mammals 
per acre, which he estimates a t  529.25, is one animal for each area seven feet 
square-a veritable plague ! 
I n  order to determine the population of unit areas for a given species, 
i t  is essential first to select an area larger than the nornial range of an indi- 
vidual of that species. The larger the area, the less will be the error. 
Townsend's quadrats covered, in length, a strip that would be covered by one 
animal, but in width they were much less. The quadrats used by Williams 
were about one-sixth the area covered by a single animal. 
Another source of error in the findings of both these men is the use of snap 
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traps. When a mouse is removed from an  area, its territory is made vacant 
and beconies available to anotlier animal. I n  my population studies live 
traps were used; the only animals talteii off the areas were those that died in  
the traps. Many were lost in  this way a t  the begiilliing of the first season, 
but during the last t ~vo  seasons, after the trapping technique had been ini- 
proved, very few mice died in  the traps. 
The teclinique which I employed is 11ot perfect, but I believe it gives a 
fairly reliable index to  the population of Perontyscus per unit  area. Three 
fairly isolated wood lots were selected on the George Reserve, covering 1.8, 
3.72, and 24 acres respectively. Live traps were set in  grid patter11 every 
tell paces (about thirty feet) apart  in  the plot of 1.8 acres; iii the plot of 3.72 
acres, the traps were set twenty paces apar t  with the lines tell paces apar t ;  
and in  the twenty-four-acre plot the traps were placed twenty paces apar t  
in  lines, wliich also were twenty paces apart. All traps were liunibered and 
left in  the same positions throaghout the trapping period. The positions of 
the traps were plotted on a map of the area. Every animal caught was 
marked ant1 was released a t  the point of capture as soon as its number, age, 
and sex, aiid other inforrnatio~z concerning it, as well as the number of the 
t rap  and the date, llacl been recorded. Recaptured animals were recorded 
and released after external examination. The method of live-trapping and 
marlting animals to detcrmine populations was first suggested by Dice in 
1931. IT it  be assumed that all the animals in  the area were caught (except 
young animals not yet out of the nest) this method should give a fairly ac- 
enrate count of the population a t  any given period of a week. 
The results from the three areas, with traps spaced clifferently i n  each 
area, were about tlic same. Tllc only advantage in  placing the traps close to 
one another is that a11 the aniliials i11 an area may be caught in  a shorter time. 
I believe the niost practical clistaiice between traps for the areas studied is 
about forty-five feet. Traps so spaced should catch the animals in  the area 
i n  five nights. 
I n  orcler to detcrmine the population in  a large tract i n  wllicll i t  is 
inipossible to t rap  all the aiiillials of the species, I s~lggest hat one select a 
quadrat of two to five acres aiid set traps in  this for a t  least five nights. If 
the habitat is uniform beyond the outside line of traps, the area from which 
the animals come will be not only that in  which the traps are set, but will 
include an  additional strip abont 125 feet wide along the borders. This 
is about one-half the mean wiclth of the home ranges of niales and  females 
combiaecl. The area thus computed should be that covered by the traps plus 
125 feet of border to include marginal animals the ranges of which are partly 
within and partly outside the trapped area (Dice, 1938: 127). Individual 
mice range over an area 150 feet to 300 feet i n  diameter, depending on 
whether they are females or males. 
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During the three seasons in which the populations of Peromyscus have 
beell followed (1935-37), there has been little fluctuation in numbers from 
year to year. There is, however, a considerable differelice in the population 
from month to month within any one year. I t  should be stressed here that 
in making ally population count it is important that the season ill which the 
count is made be considered. I n  Plots 1 and 2 combined, from June, 
1936, to June, 1937, the population varied from 10.87 per acre in November 
to 3.08 per acre in May (Table X and Fig. 7).  In  Plot 1 alone, the popula- 
tion was 12.6 per acre in November, 1936. The population curve throughout 
the year reflects the breeding activities of the animals. It is lowest in May 
before the first young are abroad. When the first young appear the curve 
goes up rapidly until about the latter part of June or early Jnly. It then 
slowly descends, but not to the low point of the month of May. Again in 
August young come out of the nest, and the curve rises to a poiiit higher 
than it reached in June. There is then a slight decline in September, but 
when the young of the spring females also appear, i t  goes up rapidly to the 
highest peak of the year i11 October aiid November. With the breeding sea- 
son ended, the curve descends gradually until the lowest point of t,he year is 
again reached the follov~ing May. My figures, i t  will be noted, are much 
lower than those given either by To~vasend or Williams. 
1 June I July  1 August I September 1 October I November ID:,","- 
Total . . . . .  / 28 ( 32 / 30 ( 28 ( 29 1 3 9  ( 39 / 38 / 43 1 57 1 5 8  I GO ( 45 
Number 
pcrncre 5.07 5.8 5.43 5.07 5.25 7.07 7.07 6.88 7.79 10.32 10.5 10.87 8.15 
1937 
Total .. 
Number per acre .. 
The population in any area is never static. Old I-esideiits are disappear- 
ing and new ones are coming on the scene continually (Table XI). Dur- 
ing the twelve months, June, 1936, through May, 1937, eighty-seven aninials 
were trapped oil an area of 3.72 acres. The greatest number taken a t  any 
one time was forty-seven (12.6 per acre) in November, 1936, and the smallest 
was thii-teen (3.5 per acre) in May, 1937. The grand total of eighty-seven 
probably does not represent the actual number of animals that passed 
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ods when tlie traps were not set. A few of the animals that disappear from 
an area may be captured later in other near-by areas, but most of them never 
are seen again. Preclators are undoubtedly responsible for the majority that 
disappear. The records just cited support the coiiclusioii that of every eight 
ailinials which appear in a given area within a ycar's time, one will survive 
to propagate the race. As has bee11 pointed out, one pair will produce, on 
FIG. 7. Population curve for  Perona?ysctis le l icopi ta novebornccns is ,  from June, 
1936, tl~rougll June, 1'337, with number of animals pr r  acre (ordinate) during vari- 
ous montl~s of the year (abscissa). U:~scd on micc tr:~pycd in Plots 1 and 2, both iso- 
lated wood lots. 
the average, about sixteen young dnring the breeding season. To maintain 
a population, then, the survival of one i11 eight a t  the end of a year is all that 
is necessary, and this seems to be what actually happens if my trapping data 
are reliable. 
LONGEVITY IN TIIE WILD 
Most mice of this species probably are eliminated by predators or die from 
sonlc other cause before they rcaeh the age of one year. A few continue to 
live for a year, and an occasional indiviclual may reach the ripe old age of 
two years or more. The oldest mouse of which I have a record was nearly 
two years old in July, 1937. She was taliell first on November 9, 1935, a t  
which time she was about a month old. Since then she has remained in 
the same locality. A nearly complete replacement of animals from year to 
year indicates that relatively few reach the age of one year. I n  August, 
1936, twenty-six animals were marked in one wood lot. A year later, August, 
1937, when the same area was trapped, only one mouse (a  male) that had been 
there the previous year remained. 
MORTALITY 
I t  is likely that few, if any, of these mice ever die of old age. In three 
TABLE XI  
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instances, two in the winter and one in June, I found carcasses of these mice. 
Neither of the two found in winter showed evidence of injury from another 
animal; however, they had been dead for some time, and i t  is possible that 
evidence of injnries sustained previous to death mrould not have been ap- 
parent by the time they mere found. Both were less than one year old 
slid surely could not have died of senility. The third, a young female, was 
found dead June 17, 193'5. Her ears and mouth had been chewed by some 
a~iinial. Another iiidividual (No. 48), when taken November 7, 1936, had a 
broken right hind leg. She was fonnd dead November 21, 1936. Death in 
this case could be attributed to the injury previously received. She was 
slightly inore than one year old. Seton (1920: 13638) cites a record of a 
nest in which he fonnd dead a mother and three young; the mother apparL 
eiltly had died during parturition of the last young. 
If animals as small as these die from causes other than predation, the 
probability of finding the bodies is remote. One never can hope, therefore, 
to obtain statistical data on their natural mortality. The staterrlent above, 
that they rarely, if ever, die of old age, is based on indirect evidence. The 
fact that there is a nearly conlplete replacement of ailimals from year to year, 
and furthermore, the fact that animals in the laboratory will live five years or 
longer, is stroiigly indicative of a high mortality through predation. It is 
known, from stomach analysis, that nearly every predator of iinportance 
takes its toll of these mice. The greatest losses are undoubtedly among 
young animals. Some of the more important predators on the George 
Reserve are weasels, foxes, owls, and snalres. 
PARASITES 
During the three seasons that this study was being made, I noticed no 
evidence of any serious disease that would contribute materially to the death 
of these animals. No examinations were made for internal parasites. 
There are two fairly coinmoil types of parasites which attack the mice 
in this area. One is a scab mite (Scarcoptcs scabei), which produces swollen, 
scabby ears and tail and causes the hair to Pall out, especially on the dorsal 
region of the head and body. The other is the botfly (Guterebra), the 
larvae of which develop beneath the skin. All animals that became infected 
by one or the other of these parasites while under observation in the study 
areas recovered. I have 110 data on the death rate, if death does result, 
from these infections. 
My records show that the scab is most common during the summer 
moutl-IS. The earliest occurrence of the disease I have recorded is June 18, 
and the latest, August 26. I have not noticed i t  on any winter-taken speci- 
mens. Botfly infectioiis occur somewhat later in the summer and in early 
autumn. I have records of infections from July 22 to October 5. Usually 
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one bot is all that is found in each animal, but two in an aniiilal are not 
uncommon. They are most often located near the anal region. Froin the 
time the botfly larvae are first apparent, as discerned by external examina- 
tion of the mouse, until they enierge is about tm~o weelis. 
I have one rather complete case history of a mouse infected with the 
scab parasite which I believe is worth giving in detail. Adult female No. 
26 was captured first on June 3, 1935, at  which time she was nursing young. 
On June 18 she shower1 the first evidence of the infeetioli: hair began to 
fall out from her forehead. On June 21 the hair had been lost as far  back as 
the base of the neck, ancl by June 30 she had lost the hair over most of her 
back. A scab was forming on her forehead. On July 5 her tail was swollen 
and she appeared to be in bad condition. By July 15 her tail had lost much 
of the swelling, but the scab was still apparent on her forehead. 011 July 
28 she was noticeably better, and by August 12 the hair on her back had 
been mostly replaced, althoagh her forehead was still bare and her tail 
slightly swollen. Less than two weeks later, August 25, she had recovered 
completely and again had the appearance of a normal mouse. The disease 
ran its course in slightly more than two months. 
The percentages of animals infected with the scab parasite for the three 
seasons were: 1935, 1.6 per cent; 1936, 1.4 per cent; 1937, 0.54 per cent. 
No botfly iiifections were observed in 1935. I n  1936, I recorded 0.7 per 
cent of the animals as being infected, a n d  in 1937, 3.4 per cent. 
TAMIAS TRIATUS LYSTERT 
IIABITAT PIZEFERENCES 
Chipmunks in this area rarely are seen at  any distance froni wooded or 
brush-covered areas (Pl. 11, Fig. 1) .  They always seem to desire a protec- 
tive cover and certainly are not at  home in the open. I t  is not lcnown why 
sorne species are so closely restricted to one type of habitat while other 
nearly related species inay be found in another type of habitat. Each of 
two species, as far  as we are able to discern, may appear fitted to live in 
both habitats, yet each remains in its own. I suspect that if we ever learn 
what operates in habitat selection among rr~animal species, the factors will 
be concerned to some extent with the mental processes of the aninials of 
each species-that tliey live where they do partly because they feel more 
secure there than elsewhere. 
BREEDING 
I have but few data on the breeding of the chipmunlis, but they are 
sufficient to indicate that breeding starts about April 1 in this region. The 
first young are born about May 1 and appear outside the nest about June 1, 
when nearly two-thirds grown. Old females breed again during the last 
week in Jnly or early in August, and young females also breed at  this time. 
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Hence, old females raise two litters a year, and young females, born in the 
spring, may raise one litter each in the fall. The gestation period, as deter- 
mined from one young female, is thirty-one clays. This female was two and 
one-half or three months old when, on the nioriliiig of July 24, 1937, an old 
male was observed coplllatiilg with her. She gave birth to young on August 
24, thirty-one days later. The male and female both were ntmbered and 
came to a feeding table jast ontside a window. I was thereby 
able to identify each accurately and to watch the progress of the female day 
by day without trapping or otherwise disturbing her. I do not know how 
long the young remain in the nest, but I believe a nzonth is a fair estimate. 
This female had not brought her youiig out of the nest by September 20, at  
which time I left the George Reserve. A week later, however, when I re- 
turnecl, I saw a young chipmunlr near her nest site. I t  may well have been 
a youizg of the female under observation; a month had elapsed since the 
date of birth of her litter. 
I have one record of the number of elnbryos per litter. An old female 
foulid dead in a trap August 12, 1937, contained three large embryos. Dice 
and Shermaii (1922) report, from the Cisco Lalie region of Michigan, a 
female with eight large embryos. Probably eight is nearly the inaximum 
nunlber of young per litter. 
SEX RATIO 
During the three seasons, 106 cliipmunl~s weye inarlied oil the George 
Reserve. Of these, sixty-four (60.38 per cent) were males and forty-two 
(39.62 per cent) were females. I doubt that the numbers are sufficiently 
large to give the true sex ratio, but a preponderance of males over females 
is indicated. 
HOME SITES 
Most authorities agree that these chipinualis live in burrows near the 
roots of trees, in old stuinps and dead logs, and along banks. They also 
take advantage of man-made structures, if convenient to their habitat, mak- 
ing their homes under buildings and piles of stone or wood. On the George 
Reserve their burrows are to be found in the woods, usually near old stumps 
or logs. One old female had her honie beneath one of the buildings in the 
center of the George Reserve. 
FOOD STORAGE 
The generic name Ta?lzias was bestowed upon the chipmunk in 1811 by 
Illiger. I t  means "steward," and was given to the animal because even 
then its food-storing propensities were known. Few animals perhaps are 
more tireless workers when they discover a supply of food. They fill their 
cheek pouches to capacity and scurry off to deposit their loot in some under- 
grouiid granary, then return to repeat the process until all available food 
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is carried away and deposited in  places probably lr1iow11 only to themselves. 
Whether or not they consume all of the food they store I do not know; 
i11 years of abundance they possibly store more than they call use. 
Chipmnnks, as judged from niy experience with them, are not sociable 
animals. The female, of course, will tolerate the young for about two weelrs 
after they come out of the nest. During this time the young seem to asso- 
ciate with one another fairly well. Males and females are sociable for a 
short period preceding the time of mating, but after mating they alnlost 
inlnlediately become antagonistic. After a pair had mated on Ju ly  24, 1937 
(p. 43), the male came to the Seeding table and was busy picking u p  seeds 
when the female appeared. Instcad of allowing her to piclr u p  a few stray 
seeds, he chased her amray. It was not until he had filled his pol~clles and 
departed that she came u p  to gather licr share. A week later tlie female 
was on the table when the rnale appeared over the edge. This time the 
fernale chased away the male. 111 the chipn~unli world i t  is first there first 
served, a t  least as  fa r  as food is concerned. During the three seasovs, an  
old female had her home uncler the building where we stayed. Many times 
I have seen her chase other chipiii~ulks, both niale and female, that dared to 
enter her domain. Except for the brief periods of mating and the time 
spent her young, this old feinale led a solitary life, with no welcome 
fo r  others of her kind. 
ACTIVITY 
Chipniunlrs are most active in  early inorning and late afternoon. They 
are wholly diurnal in  their habits and seein to spend most of their time, 
while abroad, in  search of food. Few anirnals are more alert or ~nove about 
with more circumspection. They always seen1 to be on the watch for 
enernics. 
I l O M E  RANGE 
liecorcls sufficient to indicate sizes of the home ranges of only four adult 
Ccui~ale and two adult male chipmu~ilrs are available. The greatest diam- 
eters of 11o111e ranges of the four females, as indicated by trapping records, 
were respectively 67, 70, 85, and 100 yards, with an  average of 80 yards. 
One male ranged over a n  area with a diameter of 100 yards, and the other 
over an  area 125 yards in diameter. 
TEHIZITORIAL BEHAVIOR 
Chipninliks, being wholly diurnal in their habits, arc easily observed by 
one who is quiet ancl makes no sudden moves. It is best to observe them 
from a blind. I had an  unusual opportunity to observe an old female that 
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held a territory around the living quarters in the center of the George Re- 
serve. Although other chipmunks often invaded her territory, she invari- 
ably drove them away. Her protected area was about fifty yards in radius; 
beyond this fifty-yard limit around her nesting site she was not concerned. 
Her foraging range (i.e., home range) was considerably greater than the 
protected area (territory) and occasionally extended 100 or more yards from 
her nest site. The territories held by members of this species apparently 
are smaller than the normal home ranges of the animals. The areas in 
which home ranges overlap a]-e neutral and are not protected by any one 
individual. Gordon (1936) has observed this in the golden-mantled ground 
squirrel in the Blue Mountains of eastern Oregon. 
IIOMING INSTINCT 
While conducting a homing-instinct experiment on P e r o m y s c z ~ s  lezccopus, 
I carried one chipnlunk about 150 yards and released it. This animal re- 
turned to the place of capture. The one instance means very little, but i t  
does suggest that these animals might have a homing sense. I t  should be 
tried with more of the animals at  greater distances. 
DISPERSAL 
Movements of chipmuillcs Croin the place of original capture, according 
to my data, are confined to young animals and adult males. Old females 
probably move rarely after they have established their homes. I have 
records for twenty-eight individuals for periods ranging from a month to 
two and one-half years. Twenty of these individuals remained in the same 
locality (within 100 yards of place of original capture) and were grouped as 
follows: six adult lemales, four adult males, three young females, and seven 
young males. Eight ilidividuals moved, respectively, 225 yards (a  young 
female), 300 yards (one adult and two youi~g males), 325 yards (an adult 
male), 375 yards (a  young male), 430 yards (a  young male), and 700 yards 
(an adult male). The average distance over which these eight individuals 
moved was 370 yards. One-third or more of the animals may be expected 
to move from the place of original capture. 
POPULATIONS 
My data oil populatioils of chipmunlrs do not cover ail area sufficiently 
large to represent conditions accurately. They do give a rough indication 
of the population per acre and for that reason are presented here. The 
total area of the two study plots is 5.52 acres. These are isolated wood lots 
and therefore the counts should be fairly accurate. I have added together 
the numbers of animals in the two areas in Table XI1 and in the graph 
(Fig. 8). The breeding population in the spring-old males and females 
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TABLE XI1 
PO~'ULATIONS O F  CRIPNUNKS DURING THE THREE SEASONS 1935-37 IN PLOTS 1AND 2 






















1 Plot 2 only, 1.8 acres. 
2 Plot 1 only, 3.72 acres. 
Number of 
Young 
from the prcvious year-variclci from 1.63 per acre in 1935 to 0.8 per acrc 
in 1937. When tlre first litter appears in late May or early Julie, the popu- 
lation is increased in proportion to the iiumbcr of young produced. I t  may 
increase to about four per acre and the11 gradually decrease until Septem- 
ber, when the second litters come out of the nest. Unfortunately, I have no 
data on the population i11 the fall months and cannot say what i t  is then, 
but I suspect that i t  is higher than in June, since the young females of the 
first litter also are bringing forth young a t  this time. 
LONGEVITY IN THE WILD 
If they escape predation, chipmunlrs may live three or more years. I 
have one reczord of a fernale which was adult w21eii marlred in the spring of 
1935 and was still active i11 September, 1937. She was at  least three years 
old when last observed. Three animals were at  least two years olci, and five 
were one year old each at  the tillre of their last captures. I have not car- 
ried my studies over a sufficierltly long period to deterrniiie the extreme 
ages reached by individuals. 
MORTALITY 
I have seen no evidence of disease in the ehipniuiilrs during the three 
seasons at  the George Reserve. During late summer and early fall, many 
of them are parasitized by the botfly larvae (Cutcrcbra). As far as I know, 
death never results from these parasites. Predation undoubtedly is the 
main cause of death in this as in other species of rodents. Marsh hawlrs 
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FIG. 8. Population curves for Tamias striatus Zysteri, during the three seasons 1935- 
37, with number of animals per acre (ordinate) for  the four months May-August 
(abscissa). 
and foxes are probably the two most important predators of chipmunks on 
the George Reserve. 
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HABITAT PREFERENCES 
Flying squirrels are confined to wooded areas. Their hoines and safety 
retreats are in  trees-their principal foraging areas. They descend to the 
ground rather often for the purpose of gathering food, but rarely leave the 
cover of the woods. I n  passing from one isolated wood lot to another, they 
probably follow brushy areas where cover is available. 
Nests are, as a rule, i n  old woodpecker holes or other cavities in  trees. 
I n  s1rininer, outside nests of leaves in  the branches of trees are used by some 
of the squirrels. One such nest was located in  Plot 1, and another near 
tlie living quarters oil the George 12eserve. 
BREEDING 
My meager data iuclicate that a t  the George Eeserve the first litter is 
born i11 May or early Jnne, and that a second litter is born in  August. Old 
lenrales were suckliiig i n  June  and again in late August and September. 
IIibbarcl (1935) found that, in  Kentucl;y, the yolrilg are born i11 March and 
September. IIe found one fcniale with four embryos on August 22. 
I have no data on the number of youilg ill a litter. liirig (1883) records 
a nest with three young, i n  Wisconsin, and EIibbard (1935) records eight 
nests with from two to four young each, in  lies~tncky. Hibbard's records 
show an average of thrce yonng per litter. 
SEX RATIO 
Forty-five flying squirrels were marked on tlie George Reserve. Twenty- 
scvcii were males and eighteen were females, the males outiiumbering the 
females three to two. I doubt that this represents tlie true sex ratio. It is 
possible tlrat males enter traps more readily than do females. I trapped 
especially for flying squirrels only in  the summer of 1937, in Plot 1, and 
believe that most of these animals inhabiting the area were caught. I n  this 
area the males predominated, seven males and four females were take11 
d~wiiig the season. 
SOCIABILITY 
Flying squirrels are sociable animals, a t  least during the major par t  of 
the year. Never have I seen any indication of antagonism between indi- 
viduals, either i n  captivity or in  the wild. I n  the summer of 1037, three 
flying squirrels came to a feeding table where seeds of various kinds were 
slrpplied each evening. Here they sat and ate side by side in perfect peace 
-a marked contrast to the reactions of a chipmunk wheil another ap- 
proaches the feeding table. Flying squirrels often congregate in  numbers 
of twenty or illore to spend the winter in a hollow tree (Wood, 1922). 
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ACTIVITY 
As duslr deepens, flying squirrels come out of their nests to go about 
their nightly activities. By dawn they are again in their nests, where they 
remain during the day. I never have seen these animals abroad in the day- 
time cxcept when caught in traps or otherwise disturbed. 
HOME RANGE 
Tlie two areas in which I trapped especially for flying squirrels were 
too small to establish definitely the size of the honie range. I n  the larger 
of the two areas, Plot 1, individuals of both sexes ranged over the entire 3.72 
acres. This is a long, narrow wood lot; the greatest distance between traps, 
at  the opposite ends, was 260 yards. Sonie individuals covered the entire 
area. During the 1936 season, oiie old female (No. 5) shifted back and 
forth between Plot 1 and Plot, 2, a distance of 120 yards, and, in addition, 
raiigecl over areas 115 yards ill diameter in Plot 1 aiid 100 yards i11 Plot 2. 
The dates on which she was caught, and the respective plots, are as follows: 
June 14, Plot 1 ; Julie 17, 21, and July 4, Plot 2 ;  July 7 and 8, Plot 1 ; July 
15 and August 11, Plot 2. The following year, 1937, she remained in Plot 
1, where she was talren nine times in the period July 2-September 8. The 
greatest iiuniber of tiines that an individual squirrel was taken in one seasoii 
was twenty-two. This was a young female that was first taken July 1, 1937. 
Subsequently she visited fourteen different traps, entering nine of thein 
once each, three of them twice each, and two of them three times each. She 
did not go back to the sailie trap night after night. 
POPULATIONS 
I t  was oiily during the summer of 1937 that I attempted to obtain data 
on the populations of flying squirrels. Traps larger than those used for 
Peronayscz~s were placed about five feet from the ground on tree trunks in 
Plot 1, wl~ich has an area 01 3.72 acres. One adult female, two youi~g fe- 
males, aiid three adult males--a total of six animals (1.6 per acre)-were 
caught June 29-July 3, and in the period July 13-17 the same aiiiinals were 
talcen, except for one adult male lost by death and oiie not previously 
caught. Two adult females, two adult males, and one young female were 
caught June 27-31-a total of five (1.34 per acre). Five animals, oiie adult 
female, one adult male, one young female, and two young males, were taken 
August 10-14. I n  the entire period, June 29-August 14, the population 
ranged from 1.6 to 1.34 animals per acre. 
LONGEVITY IN TIIE WILD 
The study was not carried on long enough to determine the life span of 
these animals in the wild. The age of the oldest animal was two or more 
years at  the end of the 1937 seasoii. 
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IIABITAT PREFERENCES AND ACTIVITY 
The short-tailed shrew apparently prefers wood lots and low areas 
covered with heavy, herbaceous growths (Pl. 11, Fig. 1 ) .  That i t  is not 
confined to these habitats has been shown by several authors. I n  southern 
Michigan these shrews may be found in every available type of land habitat, 
although they are less common on high, dry areas with a scant cover of 
vegetation than they are in the woods or in moist lowlands. Their nests are 
built underground (Shull, 1907) or under logs or stumps (Hamilton, 1929). 
They not only make their own burrow systems, but occasionally take over 
the burrows of microtines and moles. They are chiefly, but not wholly, 
nocturnal in their habits. They have entered my traps in the daytime ; also, 
I have seen them abroad in daylight hours. 
HOME RANGE 
The data on home ranges were gathered incidentally and are meager. 
My technique was not worked out for shrews, and as a consequence many 
were lost in the traps, especially during the summer months. This difficulty, 
I believe, could be remedied by the use of proper traps and by the practice of 
visiting them more often than I did. Sixteen animals were recaptured after 
they were marked. The number of times that individual animals were 
caught ranged from two to six, and the longest period between first and last 
capture of an individual was sixty-three days. Three animals were retaken 
in  the traps in which they originally had been caught. Twelve were retaken 
a t  distances of fifty-five to 360 feet from the point of original capture. The 
average of the distances over which these animals ranged was 153 feet. An 
adult female that was caught six tinies over a period of two weeks ranged over 
an area of forty yards in greatest diameter. It is possible that sonie of the 
greater distances represent shifts of range rather than extent of home range. 
The one that moved 360 feet was talcen but twice, aiid the captures were 
forty-one days apart. 
The normal home range of this species probably is about fifty yards in 
diameter aiid covers about 0.4 acres. If the animals maintain territories 
during the breeding season, the breeding population should be no more than 
about five per acre. The niaximum population, including breeding adults 
and young, should be about twent,y-five animals per acre, if eight young 
be the maximum per litter (Hamilton: 1929). This is in marked contrast 
to the 299.45 per acre estimated by Williams (1936 : 363, Table 13). 
PITYMYS PINETORUM SCALOPSOIDES 
HABITAT PREFERENCES 
The pine vole is considered to be a fairly rare species in southern Michi- 
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gan. During the summers of 1935 and 1936, I took thirty individuals on 
the two study plots. I n  1937, however, I took but one animal. On the 
George Reserve, the animals are confined to the oalc-hickory woods, where 
there is either a heavy layer of dead leaves or a fairly dense cover of grass 
under the trees (Pl. 11, Fig. 2). The latter situation is preferred. 
HOME: RANGE AND DISPERSAL 
The available data do not indicate any appreciable difference in the size of 
the home ranges of the two sexes. They have, therefore, been combined in 
order to yield the average home range i11 the species. I have used the records 
on seventeen individuals that were recaptured upon dates ranging from a 
week to thirteen months apart. The maximum home ranges, as recorded for 
two adult males and one adu1.t female, were ninety-three yards in diameter 
for one of the males and seventy-five yards for the other male and female. 
The smallest range was fifteen yards in diameter. The average range of the 
seventeen individuals observed was thirty-eight yards in diameter. The 
normal home range of individuals of this species is about one-fourth of an 
acre in extent. 
One male was caught four times in the period June 8-August 15, in one 
corner of Plot 1. On September 25 and on October 10, i t  was talien in an- 
other corner of the plot 300 yards distant from the place of original capture. 
This is the only record of movement I have for this species. Two indi- 
vidnals, a young female and a young male, were marlred on June 10 and 
July 9, respectively. A year later they were talien in traps sixty-three yards 
and forty-eight yards, respectively, from the ones in which they were origi- 
nally caught. They probably remained in their own small areas during the 
entire time. 
HABITAT PREFERENCES 
The bog lemming, if present in an area, may be found in low, moist places 
that support heavy, matlike growths of grass (Pl. I, Fig. 2). In  1936, ap- 
parently a peal~ year for these mice on the George Reserve, they were found 
on high ground, and even in the midst of the larger woods. I n  1937 these 
lemmings, from all appearances, had disappeared from the George Reserve. 
I did not catch one all summer, nor were their runways present in places 
where, only a year before, they had formed a veritable network. 
H O M E  RANGE 
I have records which are sufficient to indicate extent of the home range 
of but one lemming, an adult female. This animal was talcen seven times in 
the period August 25-September 23, 1936, within an area forty yards in 
greatest diameter. She then moved about 115 yards, where she was last 
talcen October 11. 
TERRITOEIALITY IN MAMMALS 
Territorial behavior is linown to exist in certain species of mammals as 
well as in birds, fishes, and many other animal groups (Noble, 1939). I t  is 
difficult to conceive of territorial behavior in animals without defense of the 
territories. This defense, as previously pointed out, is primarily against 
intrusion by individuals of the same species. Males of the sea lion and 
walrus stake out their claims and battle other males in order to retain their 
harems. Males of deer and elk battle others of their kind to protect what 
may be a shifting territory, but one which 2iolds their attentive females. In 
the snialler mammals these habits are less easily observed, but are there, 
nevertheless. I have observed a fernale chipmunk repeatedly drive away 
both male and female chipmunks, as well as ground squirrels, that ciared to 
enter her territory a t  the timc she had young in her ncst. Gordon (1936) 
has also reported this behavior in some of the  veste ern squirrels. 
Of what significance is this defense of territory? What is the animal 
protecting? Howard (1920) believed that in certain birds this phenomenon 
is linked with sex and ensures niating and tlie rearing of young. The male, 
in migration, usually precedes the female, picks out his territory, and an- 
nounces his presence by song. This enables the female to secure a mate 
witllout undue waste of time, and so cnhances the production of young. 
Most marnnials are nonmigratory and are already on the ground when the 
brccding season starts. To mammals, i t  seems to me, the important things 
are Food and shelter. Such forms as squirrels, chipmunlrs, sllrcws, and mice 
have small home ranges, and it is necessary that they protect the food supply 
within tlie home area, especially (luring the breeding season. If one of 
these animals allows invaders to come in and carry off the available food, 
it is Porced to seek another area where food is plcntillll. 
The protection oP territories by established iiidividuals tends to keep 
itinerants and young individuals on the move. This may be one of the con- 
tributing factors in so-called population pressures which a t  times bring about 
mass niovements, of plague proportions, from certain arcas. When plagues 
do occnr, I suspect that tlia moving animals are mostly young. I t  is this 
pressure from within the habitat, this kicking of young individ~lals from 
pillar to post, that causes them to transce~id barriers, to invade unsuitable 
habitats, and to disperse over the surface of the earth. I doubt that a non- 
migratory animal would move voluntarily from a comfortable nestiug site 
where there was a sufficient food supply. Animals that are moving about 
in search of a place to claim as thcir own are covering unfamiliar territory 
and are much more vulnerable to predators than are those in established 
territories. 
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The size of the area occupied by any animal is limited by that animal's 
ability to travel and its necessity for food and protection. A predatory 
mammal, in many instances, covers a much larger area than does the animal 
on which i t  preys. The small rodent that is ever in danger of being captured 
by one of its enemies must be thoroughly familiar with the area over which 
it travels. A female mouse (Perornysczis leucopzcs) will range over one-half 
acre at  inost. She must know her area thoroughly-every hiding place, be 
i t  a stump, a hole, or an old log. When danger approaches she knows where 
she can seek protection. I n  live-trapping these mice I always watched the 
routes they toolr when they were released. Rarely did they travel more than 
ten or twenty feet before they cluclced into a hole, usually one that I had not 
seen before. I n  most cases they made directly for a hole, and there is no 
doubt in my mind but that they knew where they were going. Random 
traveling would on occasions lead them to a retreat, but it would not lead 
them to one nearly 100 per cent of the time. Flying squirrels, when released 
invariably went up the nearest tree, surveyed the area, and without liesita- 
tion proceeded directly toward a tree with a convenient hole in it. On sev- 
eral occasions I have seen thern glide to a tree and disappear around the 
opposite side of the trunk. Upon examining the tree I found that they 
had landed two or three feet below, and opposite the entrance to a hole which 
was not visible from the tree they had left. Young individuals jnst out of 
the nest sometimes went a more or less roundabout way in finding their 
retreats, but old animals illvariably went directly to a hole or to the nest. 
Ground squirrels are rarely found a t  any great distance from a retreat. 
If surprised, they unerringly go into the nearest burrow. Microtzcs and 
Synaplomys have their tunnels beneath the heavy grass; shrews and Pitymys 
tannel beneath the floor of leaves in the woods. These are their highway 
systems which lead to safe retreats beneath the surface of the gronnd. 
Rarely do they come out into the open ; instead, they remain for the inost part 
in their system of tunnels, which they make as they expand their ranges. 
The larger herbivores are familiar with the area they cover in search of 
food. Rarely are they trapped in a place where there is no known avenue 
of escape. Their resting sites are well selected, and their feeding areas are 
not so large but that they know them thoroughly. Deer (Odocoileus) have 
been lrnown to remain "in certain areas when there appears to be more and 
better food only a short distance away, and easily accessible77 (Bartlett and 
Stephenson, 1929 : 415), and yet they will not move out. 
We have very little definite data on the actual sizes of territories or home 
ranges of individuals of any species of mammal. The wolf is said to have a 
hunting range several miles long, and the mountain lion is likewise supposed 
to range over a considerable area. These large predators might travel easily 
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a distance of ten or more miles in a night, and they probably do, if food is 
scarce. Until we have more definite information on the travels of the larger 
animals i t  is best to refrain from a discussion of their hypothetical ranges. 
We have definite information on the size of home range of sollie of the smaller 
mammals. These data may be secured i11 two ways: (1) by direct observa- 
tions of diurnal species, atid (2) by livc-trapping, marking, and releasing. 
We know that the female Mohave ground squirrel (Citellus mohavcnsis) will 
cover an area in one day with the greatest diameter of a t  least 130 yards, 
over three acres (Burt, 1930). Breeding females of Peromyscus lencopus 
noveboracensis will range over an area of one-half acre or less, while old 
males may cover as much as one and one-half acres, although usually they 
range over less than an acre. The pine mouse (Pitymys pinetorum scalop- 
soides) probably is confined to a smaller area. Our records are scanty on 
this species, but we do know that some individuals cover areas a t  least 100 
feet in greatest diameter (0.25 acres). Microtus pennsylvanicus, according 
to Hamilton (1937), will range over about 0.2 acres. Synaptomys eooperi 
will range over an area about 120 feet in diameter (0.5 acres), and the short- 
tailed shrew (Blarina brevicazcda talpoides) over an area a t  least 100 
feet across (0.4 acres). The female eastern chipmunk (Tamias striatus 
lysteri) ranges over an area of about one acre. Blair (1936 : 203) has found 
that the Florida marsh rabbit (Sylvilagns palustris paludicola) ranges within 
an  area no more than 100 yards across, and Lay and Baker (1938) indicate 
that the home range of Neotoma florzdana attwaleri is only about eighty 
feet in diameter. 
I t  has been shown that the size of the home range varies greatly according 
to species, and, within certain species, according to sex. The size of the 
territory within the home range becomes important in limiting the popula- 
tion in an area. - The wood mouse (P. I. noveboracensis) is an example: A 
breeding female, in typical woodland habitat in southern Michigan, must 
have for her own an area of at  least one-fourth of an acre. This means that 
there can be no more than four breeding females per acre (and there are 
usually slightly less, according to the data).  If the sexes are about equal in 
numbers-and from our data they seem to be-the population of this species is 
not more than eight per acre a t  the beginning of the breeding season in early 
March. Actually, I have found the areas about half filled, or with less than 
four mice per acre, in the spring. The beginning of the breeding season 
is the critical period in the population of any species, as this is the time 
when it is smallest. The population may swell during the summer months 
and reach its peak in late autumn after the last litters are born, when the 
maximum is ten or twelve mice per acre. By the beginning of the next breed- 
ing season the females that weathered the winter must locate nesting sites and 
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establish their territories to begin a new cycle of breeding activity. I t  is 
at  this period that territorial behavior influences the new generation of mice 
to be brought forth. Only those females that can find suitable nesting sites 
will be successful in rearing young. 
One animal does not necessarily retain the same territory for life, nor 
do females always stay in the same area throughout the breeding season. 
There are very few data on the retention of territory, and my remarks must 
therefore be based almost exclusively on my own work. Some breeding 
females of the wood mouse have been known to hold their territories through- 
out the entire breeding season and to remain in the same area throughout the 
following winter, while others have been known to move away. The breed- 
ing season of these mice is divided into two periods. The first lasts from 
about the first week in March until early June. There is then a rest period 
of about six weeks to two months, during which time no young are born. The 
second period begins in July and continues until about October. Thus the 
entire season lasts about eight, months, with a rest period of nearly two 
months in the middle. It is during this rest period that some of the females 
change territories ; others, however, remain in the same area throughout the 
eight months. If an area is vacated by an old female, either another old 
female or a young female born that year is likely to move in. Just  how a 
selection is made I do not know, but i t  is probable that a young mouse keeps 
traveling until it finds an unoccupied territory. When first out of the nest 
the young wander a great deal, but about the time they become sexually 
mature they settle in one place and reside there during the remainder of the 
season. Selection, therefore, seems to depend on the finding of suitable 
shelter and food conditions. The period from the time the mouse leaves the 
nest, a t  about twenty-one days old, until i t  finds a territory not occupied 
by another, is probably the most hazardous part of the animal's life. Dur- 
ing this time i t  is exploring. I t  must travel over much unfamiliar ground; 
its chance of escape if approached by a predator is marlredly less than that 
of a mouse familiar with all the retreats. The greatest mortality apparently 
occurs in the searching stage. Partially to compensate for such a loss and 
to make the first few days that the young are out of the nest less perilous, 
the old female sometimes vacates the home nest and leaves i t  to the young. 
I have observed a female chipmunk do this, and our trapping records of 
Peromyscus indicate that they, too, may display the trait, especially with the 
last litter of the breeding period. When an old female vacates the nest site 
she does not necessarily move any great distance, but merely finds a new re- 
treat within her original territory. This gives the young a chance to become 
able to care for themselves before they are driven into new surroundings. 
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When the population of an area becomes so great that there is not room 
for all the individuals-that is, that there are not enough available territo- 
ries-some of the individuals are forced out. Under normal conditions those 
that are established may be expected to defend their respective areas. 
Young individuals without homes are driven from place to place until they 
leave the area and seek new homes elsewhere. A reasoilable conclusion would 
be that they leave by force rather than by choice-that they are literally 
ejected from the area by the older, stronger individuals. This pressure from 
within the range of a species, this conflict for nesting sites and territories 
that keeps a certain percentage of the population moving, pushing in all 
directions, coming into contact with one another and with established indi- 
viduals only to be driven on and into new areas, is important in the spread 
of a species. 
Territorial behavior is important in limiting the populations in an area. 
I t  is influential in causing young animals to cross unsuitable habitats and 
barriers, thereby bringing about the dispersal of animals over a geographic 
area. The dispersal of young from the nest site to some extent prevents 
inbreeding in a population. 
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PLATE I 
FIG. 1. Wooden trap used during the last two seasons. 
FIG. 2. Sink-hole in foreground with heavy low vegetation; Synaptomys and 
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